The microwave spectrum of methylenecyclobutenone, its rotational constants, a tentative structure and the components of the electric dipole moment have been reported in a previous paper 1 . In the present note we report the results of a rotational Zeeman effect study at magnetic fieldstrengths close to 25 kG giving the diagonal elements of the molecular ^-tensor, the magnetic susceptibility anisotropics and the diagonal elements of the molecular electric quadrupole moment tensor.
The microwave spectrum of methylenecyclobutenone, its rotational constants, a tentative structure and the components of the electric dipole moment have been reported in a previous paper 1 . In the present note we report the results of a rotational Zeeman effect study at magnetic fieldstrengths close to 25 kG giving the diagonal elements of the molecular ^-tensor, the magnetic susceptibility anisotropics and the diagonal elements of the molecular electric quadrupole moment tensor.
The sample was prepared by gas phase pyrolysis of furfuryl benzoate as described in Ref. 2 . The Zeeman spectrometer is a conventional 33 kHz Stark modulated microwave spectrograph combined with a high field electromagnet; experimental details may be found in Ref. 3 .
Because of the presence of impurities comparatively high total pressures (5 to 10 mTorr) had to be used in order to get a good signal to noise ratio. Thus, pressure broadening determined the experimental line widths, which ranged from 150 to 250 kHz (full width at half height).
Only Zeeman splittings of rotational transitions with 7^3, which are listed in Table 1 , were used for the least squares fit of the magnetic constants. Because of sufficient spacing between the rotational levels first order perturbation theory within the basis of the asymmetric top eigenfunctions could be used 4 during the fitting procedure. The slight inhomogenitv of the magnetic field was accounted for numerically as described in Ref. 5 -6 .
The results are given in Table 2 . Since JM = + 1 and AM = -1 transitions could not be distinguished with the present setup, two sets of (/-values, which differ only in sign, are suited to reproduce the Zeeman splittings. Additionally listed are the diagonal elements of the tensor of the molecular electric quadrupole moment as calculated from the ^-values, the rotational constants and the susceptibility anisotropics according to Equation (l) 7 . Table 2 are referred to the prin- Table 2 .
Frequency v0
A cipal axis system of the molecular moment of inertia tensor of the most abundant species (center of mass system).
With the quadrupole moments calculated from the two sets of ^-values it is possible to make an unambigous choice for the signs of the (/-values. Since the set with the positive values would lead to unreasonably large (^-values as compared to other molecules, it may be discarded.
Furthermore a short comment on vibrational averaging may be in place. Since experimental values, which are averaged over the zero point vibrations are used for the g-, G-and /-values, the Qvalues calculated from Eq.(l) do not correspond to the equilibrium configuration of the nuclear frame. Instead they will come quite close to the vibrationally averaged quadrupole moments, although the g-and G-values entering in Eq. (1) are averaged individually. A rough estimate based on the assumption, that all instantaneous values will not differ by more than \% from the corresponding equilibrium values 8 , leads to a discrepancy between quadrupole moments calculated from Eq. (1) and true zero point expectation values, which should not exceed 0.1 X 10 26 esu cm 2 ; this value is well below the experimental uncertainties.
For all further discussions of the data a knowledge of the structure of the nuclear frame is necessary. Since no complete structure informations are available for methylenecyclobutenone, we used the
tentative structure derived in Ref. 1 , which we feel to be sufficiently accurate to make the discussions meaningfull. With the sums 2 Z"an 2 = 66.0 A and « -Znbn 2 = 50.3 Ä derived from the structure, we n calculated the anisotropies of the second moments of the electronic charge distribution and the diagonal elements of the paramagnetic susceptibility tensor according to Eqs. (2) and (3) (an uncertainty of 1 % for the above sums was assumed for the error propagation analysis). These values are given in Table 3 . Equations (4) through (6) result from a second order perturbation treatment within the electronic functions under the neglect of vibration (see for instance Ref. 3 ).
For comparison with the experimental values we have calculated the anisotropics (0 -a 2 -b 2 0) E etc. from INDO wavefunctions as described in Ref. 9 . In Table 3 these calculated values are given additionally. They are in surprisingly close agreement with the values derived from the Zeeman data and the tentative structure. However, such a good agreement between calculated and experimental anisotropics (0 j 2 a 2 -b 2 ; 0) etc. appears to be quite E normal as is demonstrated in Table 4 . Actually the approximations used in the semiempirical approach and the neglect of vibrational averaging lead to INDO-values for (0 2 a 2 0) etc., which are gene erally slightly smaller than the experimental values derived from the magnetic data and rotational constants (compare too Table 4 in Ref. 9 ). In the anisotropics, <0|2V-6e 2 |0) etc., these systematic discrepancies do largely cancel and this leads to the good agreement between experimental and semiempirical values observed in Table 4 .
For a complete evaluation of the Zeeman data leading to the individual components of the magnetic susceptibility tensor and of the second moments of the electronic charge distribution a knowledge of the bulk susceptibility, % = (%aa + y^b + ycc) /3 would be necessary. Because of experimental difficulties this value could not yet be determined. However, using the theoretical expressions for the g-and ^-values [Eqs. (4) , (5) and (6)] together with the ^-values, susceptibility anisotropics and rotational constants from the experiment and second moments for the electronic charge distribution as calculated from INDO-wavefunctions, it is possible to predict reasonable values for the missing data according to Equation (7) .
and cyclic permutations .
In view of the slight discrepancies between experimental and "INDO-values" for (0|2V|0> etc. mentioned above, we would expect that after a successful determination of the bulk susceptibility of methylenecyclobutenone, the experimental ^-values will turn out about 1.5 units more negative than the corresponding values given in Table 5 .
In the last section we will briefly discuss the "nonlocal" contribution to the susceptibility anisotropy 2 Xcc -(Xaa + Xbb) ? which has been brought into connection with cyclic derealization of TI electrons and molecular currents in ring molecules 10 -u . For this purpose the experimental susceptibilities are broken down into a sum over bond susceptibilities and a remaining rest called "nonlocal" or "molecular" susceptibility contribution. Flygare and coworkers 12 have derived a set of bond susceptibilities from a list of 14 nonstrained molecules, which in the traditional sense contain localized bonds only. For this purpose the authors fitted the bond susceptibilities Xul-, X ( yy an d X. ( zz by a l east squares procedure to the experimental data Za« ? X { bb\ x}ccoi the different molecules according to Equation (8) .
and cyclic permutations (8) 0 (cos(ai' 1 '') = direction cosine between the molecular a-axis and the direction of the vth bond. For the definition of the xy ^-system used for the bonds compare Table 6 , where these bond susceptibilities which are of interest here are listed).
It should be mentioned that the standard deviations of the so obtained bond susceptibilities are relatively large (in the order of units). We feel that this does not merely reflect the experimental uncertainties, but also the fact that localized orbitals 13 ,which form the theoretical basis for all ad- Table 6 . Some bond susceptibilities, used for the calculation of /I/local in Table 7 . These values are taken from Ref. 12 and given in units of 10~6 erg/G 2 mole, a) The x «/-plane is assumed to the nodal plane of the ji orbitals. b) The x y-plane is assumed to be spanned by the two single bonds of the oxygen atom. 
13
ditivity rules are never completely localized. We would there fore expect small "nonlocal" contributions to the Xa^ etc. even in the case of molecules with so called localized bonds only.
From the bond susceptibilities given in Table 6 the local contribution to the susceptibility anisotropy 2 Xrc -(%aa + Xbb) > c being the axis perpendicular to the molecular plane, has been calculated for methylenecyclobutenone and several other molecules. These values are given in Table 7 . Even in view of the uncertainties of the bond susceptibility values a general trend is obvious from this table: Molecules which are aromatic in the formal sense (i.e. contain [ (4 n + 2) .T-electrons] show big negative or diamagnetic nonlocal contributions to the susceptibility anisotropy. On the other hand the three four-membered rings measured so far show positive (paramagnetic) nonlocal contributions.
Thus, similar to the situation in 3,4-dimethylenecyclobutene, the rather strong deshielding of the ring protons observed in the NMR-spectrum 2 > 18 should probably not be explained as due to the molecular ring current induced in the a-system of the four membered ring.
A cknoivledgemen t
We wish to thank Prof. Dr. H. Dreizler for critical reading of the manuscript and M. Andolfatto, who has done the preparation in our laboratory. The calculations were carried out on the PDP 10 computer of the "Reebenzentrum der Universität Kiel". The financial support of the "Deutsche Forschungsgemeinschaft" and the "Fonds der Chemie" are gratefully acknowledged.
